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Title of the invention 

Operating method of nuclear reactor and fuel assembly for 
nuclear reactor 

Claims 

1. A method for operating a nuclear reactor by increasing 
the proportion of the vapor void in the reactor core and using 
the neutron spectral shift; method characterized by filling the 
vapor* void in the water rods in the fuel assembly during the 
initial phase of combustion of the fuel to increase the 
accumulation of plutonium by neutron spectral hardening, and 
filling the water coolant in said water rod in the later phase of 
combustion to increase the degree of reaction. 

2 . A fuel assembly for nuclear reactor that contains at 
least one water rod that permits, passage of water coolant through 
the interior, where said water rod has a flow rate regulating 
member to permit regulation of the amount of vapor void generated 
in the interior by regulating the rate of inflow of said water 
coolant. 

3. The fuel assembly for nuclear reactor according to 
Claim 2, where said water rod has the said flow rate regulating 
member near the tie plate located below the fuel. 

4. The fuel assembly for nuclear reactor according to 
Claim 2 or Claim 3, where said flow rate regulating member is a 
means to regulate the size of the flow rate being provided at the 
end plug part located on the lower end of said water rod. 



3 

5, The fuel assembly for nuclear reactor according to 
Claim 2, Claim 3 or Claim 4, where said water rod has a separator 
plate that permits the water coolant to flow from the outflow 
entrance of the water coolant located at the upper end along the 
inner wall surface of said water rod. 

Specification 

Industrial application field 

This invention relates to the operating method of nuclear 
reactor, particularly the operating method of nuclear reactor of 
the type which is cooled by light water [ 1 H20], and also to the 
fuel assembly for the nuclear reactor. 

Background of invention 

Fig. 1 is a diagram that illustrates the entire 
configuration of the conventional fuel assembly for boiling water 
type nuclear reactor, and Fig. 2 is a partial sectional view of 
the essential parts located thereunder, where (1) is a fuel rod, 
(2) is a water rod, (3) a lower tie plate, (4) a lower end plug 
of the fuel rod, (5) a lower end plug of water rod, (6) a water 
coolant inflow entrance of water rod (2) , and (7) is a water 
coolant outflow exit of water rod (2). The fuel rods (1) and 
water rods (2) are supported by the lower tie plates (3), 
respectively, through the lower end plug (4) or the fuel rods and 
the lower end plug (5) of water rods. 
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The water coolant inflow entrance (6) and water coolant 
outflow exit (7) of the water rod (2) of this fuel assembly are 
holes of such size as to allow inflow of water coolant so as not 
to create vapor void in the water rod (2) . 

Since there is a void distribution in the axial direction of 
this type of boiling water type nuclear reactor, generation of 
heat from neutrons will progress in the lower part of the nuclear 
core rather than the upper part of the nuclear core, as the 
operation of the reactor continues; as a result, the output peak 
will shift to the lower part of the nuclear core, distorting the 
situation. And, if we look at the transverse cross section of 
the nuclear core, since the output peak is located in the 
peripheral area of the fuel, due to the presence of decelerating 
material of the bypass part, design is made in such a way to 
lower as much as possible the output peak and to suppress the 
radiation output density to a lower level, from the viewpoint of 
improving the rate of use of the plant and maintaining the safety 
of the fuel. 

As a result of development of fuel technology in recent 
years, which allows use of a barrier fuel, etc., against PCI 
(fuel - cover tube action) , there is no longer a necessity to 
normalize the output distribution, which was required in the 
past. Thus, since it is now possible to raise the radiation 
output density within the range that allows maintenance of the 
safety of the fuel, a new nuclear core design is being 
contemplated for the reactor core, which was designed against PCI 
in the past. 

The spectral shift operation method is one of them. With 
this operating method, either the proportion of the vapor void in 
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the nuclear core is increased or the proportion of the water 
coolant is reduced, to weaken the neutron deceleration function 
and to increase the proportion of the high energy neutron flux, 
to harden the so-called neutron energy spectra and to improve 
fuel economy by increasing the accumulation of plutonium. 

And with the nuclear reactor of the type that uses water 
under pressure, a water exclusion control rod, which does not 
contain neutron absorbing material and can exclude water coolant, 
is used as the control rod* This water exclusion control rod is 
inserted into the nuclear core during the initial phase of 
combustion to reduce the water/uranium ratio and to raise the 
amount of plutonium being formed; then the water/uranium ratio is 
increased by withdrawing the rod from the reactor core to raise 
the degree of reaction in the later phase of the combustion. 
Such operation method is being contemplated. 

Object of the invention 

The object of this invention is to provide an operation 
method of nuclear reactor that increases the neutron spectral 
shift effect in the light water cooling type nuclear reactor for 
improvement of fuel economy. 

Summary of the invention 

This invention is a method for operating a nuclear reactor 
by increasing the proportion of the vapor void in the reactor 
core and using the neutron spectral shift; the method is 
characterized by filling the vapor void in the water rods in the 



fuel assembly during the initial phase of combustion of the fuel 
to increase the accumulation of plutonium by neutron spectral 
hardening, and filling the water coolant in said water rod in the 
later phase of combustion to increase the degree of reaction. 
The second feature of this invention is a fuel assembly for 
nuclear reactor that contains at least one water rod that permits 
passage of water coolant through the interior, where said water 
rod has a flow rate regulating member to permit regulation of the 
amount of vapor void generated within by regulating the rate of 
inflow of said water coolant. 

For example, in the boiling water type nuclear reactor, void 
is created during the operation of the nuclear reactor, and the 
neutron spectra of the fuel assembly being operated at high void 
ratio will be hardened more than the fuel assembly being operated 
at lower void ratio; as a result, more plutonium will accumulate. 
This effect increases in proportion to the period of combustion 
at high void ratio. 

This invention has focussed its attention on this point. 
Thus, by controlling the vapor void ratio in the water rod, which 
is one of the main elements of the fuel assembly, accumulation of 
plutonium is increased by increasing the void ratio in the, 
initial phase of the combustion of fuel, and the degree of 
reaction is increased together with the accumulation of plutonium 
by reducing the void ratio to zero, and by increasing neutron 
deceleration material in the later phase of combustion. Thus, 
this invention provides a fuel assembly that permits to increase 
the degree of fuel combustion, and also provides a method for 
operating a nuclear reactor, which was the original goal. 
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Examples of the invention 

Fig. 3 illustrates a partial sectional view of the essential 
parts of the water rod being used in an example of the fuel 
assembly in this invention for nuclear reactor. In this diagram, 

(8) is the main body of the water rod, (9) a lower end plug, (10) 
a water coolant flow route being provided in the lower end plug 

(9) , (11) is a screw with small flow path, and (12) illustrates 
the water coolant outflow exit. In this water rod, the water 
coolant enters from the small flow path of the screw (11) with a 
small flow path, moves through the main body (8) of the water 
rod, and exits through the water coolant outflow exit (12). As 
the water coolant moves through the main body (8) of the water 
rod, it is heated to create a vapor void. If the flow rate of 
the water coolant is low, void ratio will become larger. If the 
amount of inflow of water coolant is increased, the void ratio 
decreases. And if the amount of inflow of water coolant is 
increased further, it is possible to bring down the void ratio to 
zero. If the small flow path of the screw (11) with the small 
flow path is closed, the interior of the main body (8) of the 
water rod will be filled with water void, and water coolant will 
flow in through the water coolant outflow exit (12) by as much as 
the portion of the outflow of the void. 

Thus, with this water rod, if there is a screw (11) with 
small flow path, the flow rate of water coolant will decrease and 
the void ratio in the main body (8) of the water rod will 
increase. On the contrary, if the screw (11) with the small flow 
path is removed, the flow rate of the water coolant increases and 
therefore it is possible to bring the void ratio, down to zero. 
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Fig. 4 illustrates an example of the configuration of the 
reactor core, which is loaded with the reactor fuel assembly that 
has such water rod. Let us use this diagram to explain an 
example of the operating method of this invention for the nuclear 
reactor. In the fuel assembly that constitutes this reactor 
core, (1) is a fuel assembly at the first cycle (or less) after 
loading, and (2), (3), and (4) are, likewise, the fuel "assemblies 
at the second, third and fourth cycles (or less) . A screw with a 
small flow path is mounted in the water rod of the fuel 
assemblies (1) and (2), and the screw with small flow path is 
removed from the water rod in the fuel assemblies (3) and (4) . 

Infinite amplification ratio of the reactor core, which is 
configured in the aforementioned manner, is illustrated in Fig. 
5, where the abscissa represents the cycle number and the 
ordinate represents the infinite amplification (or 
multiplication) ratio. A illustrates an example of this 
invention, and B illustrates an example of conventional operating 
method by combustion at a constant water/uranium ratio. On the 
left side of the straight line X-Y, the water rod mounted with a 
small flow path screw is used, and on the right side of the 
straight line X-Y, the water rod without this screw is used. 
Thus, until the first and second cycle that showed a high degree 
of reaction of the fuel assembly, the small flow path screw is 
used to limit the amount of inflow of the water coolant, to 
generate vapor void in the main body of the water rod, so that 
Plutonium will accumulate. Starting from the third cycle, the 
degree of reaction is raised by removing the small flow path 
screw to fill the water coolant in the main body of the water 
rod, so that, together with the effect of accumulation of 
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plutonium in the first and second cycles, the degree of reaction 
can be increased. 

Although a screw with a small flow path was used in the 
aforementioned example, a screw without a small flow path may be 
used also. 

This water rod can be used similarly in the fuel assembly of 
the pressurized water type nuclear reactor, to create a similar 
effect. 

According to this example, it is possible to increase the 
neutron spectral shift effect in the light water cooling type 
nuclear reactor, with which the degree of takeout combustion of 
fuel combustion can be increased and fuel economy can be 
improved. 

And, since this invention is not an attempt to reduce the 
neutron deceleration effect by using a special filler, it will 
never invite decrease of fuel economy caused by absorption of 
neutrons by the filler and increase of water due to use of 
filler. 

Another example of water rod is as follows. A blind plug or 
a small hole alone may be provided without a screw, and a hole 
may be drilled or the hole size may be increased, to increase the 
amount of inflow of the water . coolant in the third cycle. 

Fig. 6(a) illustrates a partial sectional view of the 
essential part of another example of the water rod. In this Fig. 
6(a), (8) is the main body of the water rod, (13) a lower end 
plug, (14) a water coolant inflow path, (15) a water coolant or 
vapor outflow entrance, and (16) is the separator plate whose 
external outlook is illustrated in Fig. 6(b), and (17) is the 
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hole for outflow/inflow of water coolant vapor void being 
provided in the separator plate (16). 

Since the tip of the water coolant flow path (14) of the 
water rod having such configuration is closed in the initial 
phase of combustion of the fuel, such amount of water coolant 
that corresponds to the outflow of the vapor in the main body (8) 
of the water rod flows in from the water coolant or vapor outflow 
entrance (15) . However, since the separate plate (16) is 
provided in the main body (8) of the water rod, the water coolant 
will drip along the inner wall of the water rod and evaporate. 

In the later phase of the combustion of fuel assembly, a 
hole at the tip portion of the lower end plug (13) allows the 
water coolant to fill the interior of the water rod through the 
water coolant inflow path (14). It may be designed in such a way 
that the tip portion of the lower end plug is closed by a screw. 

In this invention, void ratio in the water rod can be raised 
further, which will further increase the spectral shift effect. 

Effect of invention 

This invention provides a method for operating a nuclear 
reactor that can increase the neutron spectral shift effect in 
the light water cooling type nuclear reactor, improving fuel 
economy. Thus, this invention has a significant commercial 
effect. 
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Brief explanation of the drawings 

Fig. 1 is a schematic diagram to illustrate the entire 
configuration of the conventional fuel assembly for the boiling 
water type nuclear reactor; Fig, 2 is a partial sectional view of 
the essential part of the lower part of Fig- 1; Fig. 3 is a 
partial sectioned view of the essential part of an example of the 
fuel assembly of this invention for nuclear reactor; Fig. 4 is a 
schematic diagram of an example of the nuclear core 
configuration, which is loaded with the fuel assembly for the 
nuclear reactor illustrated in Fig. 3; Fig. 5 is a characteristic 
radiation diagram to compare the effect of the nuclear core of 
the conventional configuration; Fig. 6(a) is the partial 
sectioned view of the essential part of another example, like 
Fig. 3; and Fig. 6(b) is an external view of the essential part 
of Fig. 6(a). 
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Figure 6 . 



